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A new non-invasive technique for parchment diagnosis  
 

The conservation state of parchments is typically assessed using invasive and 
sometimes destructive investigation techniques. Scientists from Université 
Paris-Saclay, the CNRS, École Polytechnique, and the French Ministry of Culture1 
have developed a non-destructive and non-invasive advanced optical imaging 
technique to quantitatively assess the degradation state of parchments. The 
approach was validated using artificially-aged samples and then applied to 13th 
century parchment manuscripts from the renowned collection at the Chartres 
Library. Their work was published in the journal Science Advances on July 16, 
2021.   

In the Middle Ages, parchment was the main writing support prior to the arrival of paper. 
Parchment is made from animal skin which is treated, scraped and dried under tension. After 
the manufacturing process, the main remaining constituent is collagen, a fibrillar protein. 
Parchments are incredibly sensitive to heat and water and the combination of the two can lead 
to an alteration in the multiscale structure of fibrillar collagen. The ultimate stage of collagen 
degradation is a total loss of fibrillar organization, i.e. the formation of gelatin, which can cause 
the parchment to become transparent and rigid. The main challenge for conservation scientists 
and conservators today is to identify the conservation state of parchment in order to select the 
optimal restoration treatment and the conservation conditions. Currently, the assessment of 
parchment degradation usually involves sampling with destructive investigation techniques. 

Nonlinear optical (NLO) microscopy is a 3D imaging technique that provides micrometer-scale 
resolution images. By combining second harmonic generation (SHG) signals, which are 
sensitive to fibrillar collagen, with an analysis of the polarization of the state of light, it is 
possible to measure the degree of alignment in the fibrillar collagen, which is closely related to 
the state of degradation. This approach was tested on a set of contemporary parchments, which 
were artificially altered by heat exposure for increasing durations and then validated by 
comparing them with a reference technique to assess the conservation state. Nonlinear optical 
microscopy was then used to analyze historic 13th century parchment manuscripts belonging 
to the renowned collection at the Chartres Library. Some of these manuscripts were destroyed 
or damaged to varying degrees when the city was heavily bombed in 1944 during the 
Liberation. The parchments were exposed to fire (and subsequently heat) as well as water, 
which was used by the firefighters to put out the fire. In 2009, some of the damaged documents 
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de Paris, Inserm) and at the Research Center for Preservation (CNRS, Natural History Museum, Ministry of 
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were restored using humidification in order to flatten the parchments. Using nonlinear optical 
microscopy, the researchers were able to map the conservation state of several parchment 
manuscripts and confirm the absence of impact from the restoration process.  

These results create new possibilities for the analysis of collagen-based cultural heritage 
artefacts, such as parchments, leather, or natural history specimens dried or preserved in 
fluids. More generally, this nonlinear optical microscopy technique, which still remains 
relatively unknown in heritage sciences, offers new possibilities for uses in a wide range of 
fields. 

Read the full publication in Science Advances:  
https://advances.sciencemag.org/content/7/29/eabg1090.abstract  
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Figure 1: Picture of a parchment manuscript from the collection at the Chartres Library (Copyright: CNRS-IRHT). 
False color images of nonlinear optical microscopy with second harmonic generation signals for the fibrillar collagen 
(in green) and two-photon excited fluorescence linked to collagen degradation (in red). The center of the parchment 
is well-conserved, while the edges are more altered due to their higher exposition to environmental conditions. 

 

 

 

 

 

 

Figure 2: Pictures of the nonlinear optical microscope from the Laboratory for Optics and Biosciences (LOB – 
CNRS, École Polytechnique – Institut Polytechnique de Paris, Inserm) analyzing a historic parchment from the 
Chartres Library. (Copyright: M. Schmeltz, LOB).  
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ABOUT ÉCOLE POLYTECHNIQUE / École Polytechnique, also known as L’X, is the leading French institution combining top-level 
research, academics, and innovation at the cutting-edge of science and technology. Its various undergraduate and 
graduate-level programs – Bachelor of Science, Ingénieur Polytechnicien (Master’s level program), Master’s, and PhD – are 
highly selective and promote a culture of excellence with a strong emphasis on science, anchored in humanist traditions. As 
a widely internationalized university, École Polytechnique offers a variety of international programs and attracts a growing 
number of foreign students and researchers from around the globe (currently 41% of students and 40% of faculty members).  
École Polytechnique offers an exceptional education to prepare bright men and women to excel in top-level key positions 
and lead complex and innovative projects which meet the challenges of 21st century society, all while maintaining a keen 
sense of their civil and social responsibilities. With its 23 laboratories, 22 of which are joint research units with the French National 
Center for Scientific Research (CNRS), the École Polytechnique Research Center explores the frontiers of interdisciplinary 
knowledge to provide major contributions to science, technology, and society. École Polytechnique is a founding member of 
Institut Polytechnique de Paris. 
 

www.polytechnique.edu 
 
ABOUT UNIVERSITÉ PARIS-SACLAY / Université Paris-Saclay brings together ten constituent faculties and institutes, four Grandes 
Écoles, the Institut des Hautes Etudes Scientifiques, two associate institutions and shared laboratories with six national research 
organisations. 
With 48,000 students, 8,100 lecturers and 8,500 administrative and technical staff members, Université Paris-Saclay offers a 
comprehensive and varied range of undergraduate to doctorate level programmes and engineering degrees, renowned for 
their quality thanks to the reputation and commitment of the University’s academic staff. 
Located in the south of Paris on vast sites that stretch across Paris, Orsay, Évry and Versailles, Université Paris-Saclay benefits 
from a strategic geographical and socio-economic position that is strengthened by its international visibility. A leading 
University, Université Paris-Saclay is recognised for its excellent Mathematics and Physics programmes but also for Biological 
and Medical Sciences, Agriculture, Engineering, and its extensive Humanities and Social Sciences courses. Close to Paris, 
Université Paris-Saclay is nested in a protected natural area, at the heart of a dynamic economic hub. 
 

www.universite-paris-saclay.fr  
 

ABOUT CNRS / The French National Center for Scientific Research is one of the most recognized and renowned public research 
institutions in the world. For more than 80 years, it has continued to attract talent at the highest level and to nurture multi-
disciplinary and interdisciplinary research projects at the national, European and international levels. Geared towards the 
public interest, it contributes to the scientific, economic, social and cultural progress of France. The CNRS is above all 32,000 
women and men, more than 1,000 laboratories in partnership with universities and other higher education institutions bringing 
together more than 120,000 employees and 200 professions that advance knowledge by exploring the living world, matter, 
the Universe, and the functioning of human societies. The CNRS ensures that this mission is carried out in compliance with 
ethical rules and with a commitment to professional equality. The close relationship it establishes between its research missions 
and the transfer of acquired knowledge to the public makes it today a key player in innovation in France and around the 
world. Partnerships with companies are at the heart of its technology transfer policy, and the start-ups that have emerged 
from CNRS laboratories bear witness to the economic potential of its research. The CNRS provides also access to research 
findings and data, and this sharing of knowledge targets many audiences: scientific communities, the media, decision-makers, 
economic players and the general public. 
 

www.cnrs.fr  
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